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Abstract 
In many parts of today’s manufacturing process, a product is often removed from one manufacturing line 
and moved to another. Resulting from this move data, collection such as the environmental condition is 
often collected for the whole process line for a given time range and not for the direct product going 
through that line at a given moment. Moreover, variable product mix can affect an entire line’s 
environmental characteristics. Understanding this variability, it would seem logical to measure 
environmental data at the product level rather than the process level to ensure product-level compliance 
within prescribed environmental tolerances. This project encompasses the creation of an Industrial Internet 
of Things (IIoT) device that monitors, logs, and transmits environmental data to a cloud-based database 
service. The device also keeps track of the product in which it is monitoring with minimal user interaction. 
It is a portable device suitable for continued use in a 24x7 manufacturing environment.  
 
The second aspect of this project is to promote the three concentration areas I have selected as part of this 
degree program; information systems management, software engineering, and web and mobile computing.  
The overall intent is to use this internally at my place of employment, therefore, as a result, I kept specific 
products and processes generic to their industry standard terminology to avoid any conflicts regarding 
intellectual property. Details on the design of this product and how each element relates to one or more 
concentration areas is listed in a below section. 
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Introduction 
The focus of my project is to close the gap between traditional data logging and context of a product within 
a given product line.  Working in conjunction with traditional in-room environmental logging, my device is 
a portable, wireless data logger that is electronically joined to the product in which it is measuring based on 
an RFID tag.  The motivation for this is to understand the environment in which a product traverses verses 
the room’s environment.  The goal was a portable, wireless data logging device capable of measuring a 
variety of real world senses.  The data is sent to the cloud in near-real time and has a battery capacity of at 
least 24 running hours. 
 
In many manufacturing lines today, environmental factors play a critical role in the final product’s quality.  
Often, quality issues caused by out of specification environmental conditions are not discovered until the 
product is near the shipping line.  Catching defects earlier in the process means the cost of rework or 
scrapping out a product is far less because as a product continues to move through the shop, value is added 
to the product in the form of materials and labor. 
 
Traditionally, manufacturing lines will have a centralized measurement for environmental factors, which is 
usually temperature and humidity.  Some more sophisticated lines may contain multiple sensors throughout 
the room to control environmental zones.  Regardless the setup, these systems measure a basic average of 
the room’s condition for a given time.  Rarely does the data linked to manufacturing systems allow 
engineering to correlate environmental conditions to specific products in the line at a given time. 
 
Portable data logging is nothing new.  Many inexpensive data loggers exist on the market today and 
typically measure one or two conditions.  To get a clear picture of a product’s environment, a company 
may have to place multiple sensors to get a clear picture of all the environmental factors in play.  Up until 
recently, many of these data loggers were strictly offline logging devices, meaning someone would have to 
connect a cable to the logger from a computer and download the data.  Any correlation back to the process 
data was recorded by hand using tedious methods such as spreadsheets.  Some newer loggers leverage 
Bluetooth Low Energy (BLE) to transfer data to hubs scattered throughout the shop, but these too have 
limitations such as battery life, signal strength, and lack of correlation to in-house data collection systems. 
 
To date, there is no single sensor pack capable of traveling with a product down the line measuring that 
product’s environment contextualized to a specific instantiation of a product and directly transmitting that 
data back to a database that can be easily keyed to that product’s collected data already present in the 
manufacturing line’s data collection system. 
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Background and Related Work 
This project is an atypical computer science masters project; however, it is a logical fit for me given my 
background in electronics, computers, and manufacturing.  I have developed simple data logging systems in 
the past for both my career and for personal uses.  Typically, these systems were tethered to a computer, 
and the data was logged to traditional flat files or simple file-based databases.  The systems proved to be 
robust, but portability was non-existent and parsing large amounts of comma separated values proved to be 
system intensive and tedious.  Additionally, none of these systems captured data specific to a single product 
travelling through a process line.   
 
I have also developed systems that used contextualized data to provide serial number tracking for track and 
trace systems, but none of these systems required environmental data associated back to the serial numbers.  
This data was around the process at hand such as date, time, operator that provided a function, and what 
that function was. 
 
Never had I embarked on a project that included the culmination of these previous projects and a current 
need with my employer.  Furthermore, the technology needed to be designed in such a way to seamlessly 
integrate with an existing infrastructure that is heavily restricted. 
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Program Requirements 
Because I bypassed the foundational courses for the program, my degree encompasses three concentrations: 
information systems management, software engineering and web and mobile computing.  I designed this 
project to prove mastery in each. 
 
Information Systems Management 
 
All elements of this project were scheduled using Microsoft Project.  The project schedule was only slightly 
adjusted as the semester progressed.  The dates were updated weekly and the schedule was reviewed with 
my advisor during our bi-weekly meetings.   A copy of the schedule, current to the date of this paper, can 
be found in appendix F. 
 
The methodology of choice was agile-like.  It was not a pure agile methodology whereby the project was 
broken up into user stories and backlogs.  The main reason for this is that the project was a solo effort.  
Given this, I combined what I felt were some of the best parts of the agile principles (i.e. small and often 
iterations of software) and used part of the waterfall methodology to ensure I had proper requirements, 
designs, and documentation. 
 
Software Engineering 
 
Software engineering is the bulk of this project.  The project uses many prebuilt libraries wrapped in 
custom Python code to create one complete system to scan all of the sensors and post the data to a database 
in the cloud.  Additionally, a web framework was implemented using a combination of HTML5, CSS, and 
JavaScript to create a dynamic dashboard.  Finally, a reporting dashboard was created and published using 
Power BI, and the final data was stored in a SQL server database in Microsoft Azure. 
Web and Mobile Computing 
 
The Web and Mobile Computing concentration augments the Software Engineering section.  From 
conception, the device was designed with the web in mind and being as portable as possible.  Leveraging a 
cloud-based database environment rather than the traditional bare-metal server platform and using many 
web tools such as jQuery, the device was designed to be an example of an Industrial Internet of Things 
(IIoT) implementation.  Using this in an environment that does not readily have outside Internet access 
proved to be slightly difficult; however, given the dynamic nature of the web, migrating from cloud to a 
local instance is a matter of configuration. 
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Implementation 
Keeping with the agile-like development environment, implementation was completed in iterations.  The 
first few iterations were to get each prebuilt library functioning with the Raspberry Pi.  This was 
constructed on a breadboard, which allows for rapid prototyping and changes.  I kept a running blog at 
http://www.hainkm.com as I progressed through the build of the project. 
 
 
Breadboarding development of the initial project 
 
Once each component was tested and the libraries were understood, the development of the overall system 
could begin.  This phase of the project was also developed on a breadboard, which helped understand the 
system wiring needs, the need for bussing, and the need for additional components that were not thought of 
otherwise. 
 
A good example of this is the need for an opto-coupler on the battery’s output that feeds an analog input.  
The device is designed to measure the battery voltage to understand charge condition and safely shutdown 
the Pi when the battery is too low to sustain operations.  Powering off the Pi without a proper shutdown 
could cause corruption on the SD card. 
 
The analog to digital converter (ADC) is designed to handle up to +6VDC; however, no single input is 
permitted to exceed the control voltage input on the ADC.  The nominal battery voltage is +3.6VDC, which 
is under the +6VDC maximum and the +5VDC input voltage to the ADC.   What I did not think about was 
that when the unit is off, the +5VDC becomes +0VDC and the input, still being supplied with the battery’s 
voltage, becomes higher than the ADC’s input voltage.   This resulted in the first ADC being damaged. 
 
A quick solution was to implement an optically coupled transistor.  The Pi will turn the transistor on after 
boot, which allows the battery’s voltage to flow into the ADC.  When the Pi shuts down, the opto-coupler 
is brought low, thus isolating the ADC input from the battery voltage before the control power to the ADC 
is dropped.   This protects the ADC from accidental input voltage without a control voltage source. 
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Because there are multiple voltage levels within the project, a second opto-coupler was used to help initiate 
a safe shutdown with the power switch.  Rather than cutting the power off directly, a command is sent to 
the Pi to initiate a shutdown when the power switch is moved to the off position.  A watchdog output is 
holding the system in the on state after boot.  Once this watchdog goes low, a resistor-capacitor circuit 
keeps the system alive for about 30 more seconds before finally removing power from the system. 
 
Once all the hardware was validated, it became time to design the enclosure for the device.  I have never 
done any 3D modeling prior to this project, nor do I proclaim that I am an expert at the end of it.  I did, 
however, design a compact, easy to assemble enclosure that has a Go-Pro style mounting tab on the side.  
This allows for robust mounting to nearly any piece of factory equipment. 
 
In addition to never 3D modeling, I had never performed any type of additive manufacturing prior to this 
project.  Typically, I would purchase small enclosures and machine the enclosure to fit the needs of the 
project.  This was usually very plain looking and often wasted space inside the box due to size choices, but 
functionally it performed the task.  For this project, I managed to 3D model all the components required 
and print the boxes in my basement lab.  The only external machining I needed to accomplish was the clear 
plastic display protection lens in the front of the enclosure. 
 
 
 
 
 
 
3D printing the case and machining the display protection bezel 
 
 
After the first prototype was created, the major software development began.  I had used Python in the past 
for many small projects but not for anything this large.  Additionally, I had never used any web framework 
alongside Python.  Learning the Flask framework, along with Bootstrap, Chart.js and three.js were all new 
technologies for me.  I had used some jQuery in the past, but this was a refresher for that technology stack 
as well. 
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From a cloud perspective, I have had some Azure experience but never with the server-less SQL 
environment.  My experience with Azure was to host Windows or Linux VMs as if they were an extension 
to the corporate data center, so implementing SQL in Azure without a server and all of the security 
elements wrapped up therein where all brand new to me. 
 
Lastly, the PowerBI platform for developing a web-hosted dashboard of real-time data was a technology I 
was familiar with from an end user’s perspective.  I had never developed a dashboard outside of basic tools 
in SQL server and Visual Studio.  With the help of some colleagues at work, I went from zero to dashboard 
over the course of a lunch hour.  After that, it was about adding appropriate features to the dashboard and 
publishing it to the Azure public cloud environment so that anyone can view the dashboard from their 
computer or mobile device. 
 
All code, documentation, 3D models, and related files are stored in GitHub.  After each major change or 
each night’s worth of work, I committed to the repository so that I maintained version control and had a 
clean repository of every aspect of this project.  The schedule was also stored there, which proved 
convenient when I met with my advisor as he could pull up all related files from the repository. 
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Results, Evaluation, and Reflection 
In the end, I am very satisfied with the outcome of this project.  This pushed me to learn a lot of new 
technologies as opposed to just software.  As with all projects, there are always opportunities for 
improvement, and this is no exception.  One of those areas is in case design.  This was developed partially 
to solve a gap where I am employed; however, I built the shape of the device without consulting the area in 
which the device will be used.  In the end, I could work with the process owners of that department and 
work out a method to use the existing design but reoriented it sideways.  This is something I overlooked 
and, if this project continues to grow within my company, will need to be addressed. 
 
Throughout the entire project, I tried to share my learnings and progress with supervision, colleagues, and 
friends.  The results, while all positive, were quite mixed.  Some felt that my level of effort was way 
beyond the requirement scope for the degree program.  Others felt that because this project was in 
alignment with my current career and hobbies that it wasn’t challenging enough, while supervision was 
enthralled with the idea of being able to contextualize environment data at the product level.  In the end I 
am proud of the project, and I took every aspect of this project with utmost seriousness.  The prototype was 
built to look like an industrial product, and it was tested on the factory floor.  The presentation poster was 
professionally printed backboard with an integrated LCD display.  This paper includes enough knowledge 
to essentially replicate the product. 
 
From a project management perspective, I had a good handle on the project at all times.  I had some built-in 
buffer to the schedule only because I knew external factors such as traveling for work would delay certain 
parts of the project.  In the end, I completed the hardware in time to do trial runs on the factory floor so that 
data could be represented at the presentation. 
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Conclusions and Future Work 
There is no doubt that this project will live well beyond the semester for which it was created.  There are 
plans with my employer to utilize this device in many shop floor departments all over the globe.  As 
mentioned above, there will need to be some design changes to the physical enclosure.  I also foresee some 
software changes to record to on-premise servers and potentially add some sensors while removing others.   
What is unique about this device is that it can be customized to suit the need of the operation at hand 
without having to find another supplier, another product, or another method of data transfer. 
 
The research into the sensing devices, interconnectivity, and technology stack provided me with the 
knowledge to tackle complex measuring requirements that will improve quality and ultimately positively 
affect the bottom line. 
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PowerBoost 1000c 
QI Charge Receiver 
Appendices 
Appendix A: Wireless Charging Base 
 
The wireless charging base is composed of two components, both available from Adafruit.  The first is a 
generic QI charge coil receiver.  This will inductively couple with a QI base and provide a regulated 
+5VDC at 500mA to the boost converter. 
 
The second component is a PowerBoost 1000c, also from Adafruit.  This device will take +5VDC in and 
charge a compatible Lithium Ion or Lithium Polymer battery.   The device also provides a constant +5VDC 
at 1000mA to the output.  It boosts the +3.7VDC battery voltage to +5VDC as well as provides indicators 
for low battery, charging and battery charged.  The device also includes an enable wire to turn the boost 
circuit on and off while allowing the charge circuit to remain active. 
All below pictures are from Adafruit’s website. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
QI Charge Receiver Wire Colors 
Wire Color Description 
Red +5VDC Output 
Black Ground 
 
 
PowerBoost 1000c Wire Colors 
Wire Color Description 
Red +5VDC Output 
Yellow VS Terminal, used for power sense 
Blue Enable 
Black Ground 
Orange Li-Ion Battery + 
Green Li-Ion Battery - 
 
 
Additional Wire Colors 
Wire Color Description 
White +3.3v to Low Battery LED (from Pi) 
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Wireless Charge Base – Bill of Materials 
Quantity Description Link Price 
Each 
Total 
Price 
1 PowerBoost 1000c Booster / 
Charger 
https://www.adafruit.com/product/2465 $19.95 $19.95 
1 QI Wireless Receiver Module https://www.adafruit.com/product/1901 $14.95 $14.95 
1 3mm Red LED (Low battery) Component on hand*   
1 3mm Green LED (Power ON) Component on hand*   
1 3mm Bi-Color Red/Green 
Common-Anode 2-Pin 
(Charge State) 
Component on hand*   
2 390 Ohm Resistor Component on hand*   
1 180 Ohm Resistor Component on hand*   
1 82K Ohm Resistor Component on hand*   
1 330 μFD Capacitor Component on hand*   
Total Cost Before Tax & Shipping: $34.90 
 
* Small components such as LEDs, resistors, etc. are considered components on hand, meaning I have them 
in my lab as part of my normal stock.  The cost of these parts is nominal and do not affect the overall cost 
of the project by any significant amount. 
 
3D Model – Top / Front View 3D Model – Bottom View 
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Basic Wiring Diagram – Charge Base 
 
(pseudo schematic) 
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SPDT Switch with On/Off Graphics 
DHT22 
Temperate and Humidity Sensor 
128x32 OLED Display 
Appendix B: Front Panel 
 
The front panel is composed of three main components, all available from Adafruit.  The first is a basic 
SPDT power switch.  In the ON mode, this switch provides +5VDC to the boost converter to power it on.  
In the OFF mode, +5VDC powers a photo transistor based optical coupler to tell the Raspberry Pi that the 
system needs to initiate a safe shutdown.  This coupling is required as the switch is operating at +5VDC 
and the Pi’s inputs can only handle +3.3VDC. 
  
The second component is a DHT22 digital temperature and humidity sensor.  The sensor naturally reads 
temperature in degrees Celsius and relative humidity in terms of percentage.  A calculation can then be 
performed to determine dew point. 
 
The last component is a 128x32 OLED display.  Providing high-contrast, this low-current display offers a 
high density of pixels in a small size.  The display is used to provide basic interaction with the end user to 
establish logging and/or debugging. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
SPDT Power Switch Wire Colors 
Wire Color Description 
Red +5VDC from VS pin (Yellow) on Power Boost 
Red / Black Stripe +5VDC in OFF mode for opto-coupler to Pi input 
Blue +5VDC in ON mode for enable on Power Boost 
 
 
DHT22 Wire Colors 
Wire Color Description 
Orange +3.3VDC  
Black Ground 
White Output from sensor (connected to 4.7k resistor to 
+3.3VDC) 
 
 
OLED Display Wire Colors 
Wire Color Description 
Orange +3.3VDC 
Black Ground 
Yellow SCL (Serial Clock) 
Brown SDA (Serial Data) 
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Basic Wiring Diagram – Front 
Panel 
 
(pseudo schematic) 
 
                           
 
3D Model – Front Panel 
 
Front Panel – Bill of Materials 
Quantity Description Link Price 
Each 
Total 
Price 
1 SPDT Switch http://www.newark.com/itt-
cannon/dm62j12s205pq/switch-rocker-
dpst-10a-250a-black/dp/02M9169 
$7.88 $7.88 
1 DHT22 Module https://www.adafruit.com/product/385 $9.95 $9.95 
1 128x32 OLED Display https://www.adafruit.com/product/931 $17.50 $17.50 
1 4.7k Ohm Resistor Component on hand*   
1 1N4002 Diode Component on hand*   
Total Cost Before Tax & Shipping: $35.33 
 
 
* Small components such as LEDs, resistors, etc. are considered components on hand, meaning I have them 
in my lab as part of my normal stock.  The cost of these parts is nominal and do not affect the overall cost 
of the project by any significant amount. 
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Components in the main body shown in order as they are listed above 
Appendix C: Main Body 
 
The main body contains the bulk of the electronics for the device.  The system is built around the 
Raspberry Pi Zero W which is a small computer that offers wireless connectivity and a generous amount of 
I/O lines.  Inside the main body, the following components are installed: 
 
• 6600mAh Li-Ion battery pack 
o Provides approximately 25 hours of rum time 
• (2) MCT2 optically-coupled photo transistors 
o The first is used to isolate the battery voltage from the analog to digital converter (ADC) 
so that the ADC is not over-voltage on an input when in the off mode. 
o The second is used to send a +3.3VDC signal to the Pi to sense when a shutdown is 
requested.  The power switch is operating at +5VDC, and this was a safer method than 
using a voltage divider and diodes. 
o These are mounted on a mini-PCB for ease of integration. 
• 16-bit, 4-channel ADC 
o This is used to measure the battery voltage, wind speed and light intensity. 
o One input remains free. 
o The ADC can operate at +3.3VDC, however it is being used in this environment at 
+5VDC due to the wind speed requiring at least +4VDC. 
• 4-channel bi-directional level shifter 
o This is used to allow the +3.3VDC logic levels of the Raspberry Pi communicate with the 
+5VDC logic levels of the ADC. 
• RFID Reader 
o 13.58MHz RFID reader module is nested in the back of the box to read associated RFID 
tags when in recording mode. 
• Multi-function button 
o A single button mounted to the side of the cabinet is modified to contain a bi-color LED 
indicator. 
o This button is used to start and stop the record cycle and put the recorder in pure-offline 
mode on startup. 
• Photo-Transistor  
o A basic photo-transistor used to measure light intensity level.  
 
 
 
Raspberry Pi Zero W 
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Raspberry Pi Wire Colors 
Pin Number Wire Color Description 
1 Orange +3.3VDC 
2 Red +5VDC 
3 Brown I2C Serial Data (SDA) 
5 Yellow I2C Serial Clock (SDC) 
6 Black Ground 
7 White* GPIO4 / Connection to DHT22 
19 Green SPI_MOSI RFID Module 
21 Blue SPI_MISO RFID Module 
22 Gray w/ Black SPI_RST RFID Module 
23 Pink SPI_SCLK RFID Module 
24 Pink w/ Black SPI_SDA RFID Module 
33 Purple GPIO13 / Button Input 
35 Cyan GPIO19 / Button LED A 
36 White* GPIO16 / Low Battery LED Output 
37 Gray GPIO26 / Button LED B 
38 Orange w/ Black GPIO20 / Watchdog Output 
40 Red w/ Black GPIO21 / Safe Shutdown Input 
 
* Note: both the DHT22 and Low Battery share the same wiring color.  No damage will occur if these are 
confused, but the sensor will fail to function and the LED will illuminate full time. 
 
 
 
Li-Ion Battery Pack Wire Colors 
Wire Color Description 
Red +3.6VDC battery output 
Black Ground (0 Volts) 
 
 
 
Opto-Coupler Mini-Board Wire Colors 
Wire Color Description 
Orange +3.3VDC 
Black Ground 
Red w/ Black +5VDC from “OFF” position on power switch 
Red w/ White +3.3VDC output to Raspberry Pi for Shutdown Request 
Yellow w/ Black Battery output, switched from opto-coupler, to ADC 
Orange w/ Black +3.3VDC from Raspberry Pi (Watchdog ON) 
Brown w/ White +VDC from Li-Ion Battery Pack 
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ADC Wire Colors 
Wire Color Description 
Red +5VDC 
Black Ground 
Brown w/ White Battery Voltage (Input 1) 
Purple w/ White Light Intensity (Input 2) 
Blue Windspeed (Input 3) 
Yellow SCL (Serial Clock) 
Brown SDA (Serial Data) 
 
 
 
Level Shifter Wire Colors 
Wire Color Description 
Red +5VDC 
Orange +3.3VDC 
Black Ground 
Yellow SCL (Serial Clock) 
Brown SDA (Serial Data) 
 
 
 
RFID Module Wire Colors 
Wire Color Description 
Orange +3.3VDC 
Black Ground 
Green MOIS 
Blue MISO 
Pink Serial Clock 
Gray w/ Black Reset 
Pink w/ Black SDA 
 
 
 
Pushbutton Wire Colors 
Wire Color Description 
Orange +3.3VDC 
Purple Button Output 
Cyan Button LED A 
Gray Button LED B 
 
 
 
Photo Transistor Wire Colors 
Wire Color Description 
Red +5VDC 
Black Ground 
Purple w/ White Output to ADC 
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3D Model – Main Body 
 
 
 
Main Body – Bill of Materials 
Quantity Description Link Price 
Each 
Total 
Price 
1 6600mAh Li-Ion Battery Pack https://www.adafruit.com/product/353  $29.50 $29.50 
1 16-Bit ADC https://www.adafruit.com/product/1085 $14.95 $14.95 
1 Bi-Directional Level Shifter https://www.adafruit.com/product/757 $3.95 $3.95 
1 RFID Reader Kit https://www.amazon.com/Gowoops-
RFID-Kit-Arduino-
Raspberry/dp/B01KFM0XNG 
$7.98 $7.98 
1 Illuminated Push Button https://www.adafruit.com/product/1479 $1.95 $1.95 
1 Photo Transistor Component on hand*   
2 MCT2 Optical Coupler Component on hand*   
1 1N4002 Diode Component on hand*   
3 100k Resistor Component on hand*   
1 330 Ohm Resistor Component on hand*   
1 100 Ohm Resistor Component on hand*   
1 180 Ohm Resistor Component on hand*   
Total Cost Before Tax & Shipping: $58.33 
 
* Small components such as LEDs, resistors, etc. are considered components on hand, meaning I have them 
in my lab as part of my normal stock.  The cost of these parts is nominal and do not affect the overall cost 
of the project by any significant amount. 
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Basic Wiring Diagram – Main Body 
 
(pseudo schematic) 
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Wind Sensor (left) and Accelerometer (right) 
Appendix D: Lid 
 
The lid contains two critical components for the data logger.  The first is the mass air-flow sensor for wind 
measurement.  The second is the 3-axis accelerometer for measuring vibration and tilt.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mass Air-Flow Sensor Wire Colors 
Wire Color Description 
Red +5VDC 
Black Ground (0 Volts) 
Blue +0-5VDC Analog Voltage Output 
 
 
 
Accelerometer Pack Wire Colors 
Wire Color Description 
Orange +3.3VDC 
Black Ground (0 Volts) 
Yellow SCL (Serial Clock) 
Brown SDA (Serial Data) 
 
 
 
                                   
 
3D Model - Lid 
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Basic Wiring Diagram – Lid 
 
(pseudo schematic) 
Lid – Bill of Materials 
Quantity Description Link Price 
Each 
Total 
Price 
1 Wind Sensor Rev C https://moderndevice.com/product/wind-
sensor/ 
$17.00 $17.00 
1 Triple-Axis Accelerometer https://www.adafruit.com/product/2809 $4.95 $4.95 
Total Cost Before Tax & Shipping: $21.95 
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Poster Design 
Appendix E: Presentation Poster 
 
This is a rendering of the tri-fold poster used for the Master’s presentations.  The poster was sent out and 
printed on black Sintra material.  On the left panel a 10” LCD display was added to show operation in the 
shop environment. 
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Microsoft Project Gannt Chart 
Appendix F: Project Schedule 
 
This is a snapshot of the project schedule current to the time at which it was embedded in this appendix. 
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Rendering of the real-time web interface shown on an iPad 
Appendix G: Real-time Web Interface 
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Power BI Dashboard showing key components graphed in real-time 
Appendix H: Power-BI Dashboard 
 
 
 
 
 
 
 
 
